Strain DMKU-PS11 (1) T was isolated from peat in a swamp forest in Thailand. DNA sequence analysis showed that it belonged to a novel species that was most closely related to Nakazawaea laoshanensis. However, it differed from the type strain of N. laoshanensis (NRRL Y-63634 T ) by 2.3 % nucleotide substitutions in the D1/D2 region of the large subunit (LSU) rRNA gene, 1.0 % nucleotide substitutions in the small subunit (SSU) rRNA gene and 8.0 % nucleotide substitutions in the internal transcribed spacer (ITS) region. The phylogenetic analyses based on the combined sequences of the SSU and the D1/D2 region and that of the SSU sequences alone confirmed the placement of the novel species in the Nakazawaea clade and its close affinity with N. laoshanensis.
Nakazawaea is an ascomycetous yeast genus in the order Saccharomycetales. It was first proposed by Yamada et al. [1] to transfer Pichia holstii to a new genus, Nakazawaea, with N. holstii as the type species. N. holstii could be separated from the other hat-shaped, ascospore-forming and nitrate-assimilating species of the genus Pichia based on the partial sequences of the D1/D2 region of the large subunit (LSU) and the small subunit (SSU) rRNA genes. The proposal of this genus was later supported by phylogenetic analysis of the sequences of multiple protein-coding genes including actin (ACT1), the RNA polymerase largest subunit (RPB1) and second largest subunit (RPB2), the second subunit of the mitochondrial cytochrome oxidase (COX2) and the D1/D2 region of the LSU rRNA gene [2] . According to the new International Code of Nomenclature for algae, fungi, and plants, it is possible to assign the teleomorphic and related anamorphic species to the same genus [3] . Therefore, 10 anamorphic species of the genus Candida in the Nakazawaea clade were transferred to the genus Nakazawaea based on the phylogenetic analysis of the sequences of the D1/D2 region of the LSU rRNA, the SSU rRNA, translation elongation factor-1a (EF-1a), and the RPB1 and RPB2 gene regions. They were Nakazawaea anatomiae, N. ernobii, N. ishiwadae, N. laoshanensis, N. molendini-olei, N. peltata, N. pomicola, N. populi, N. wickerhamii and N. wyomingensis [4] . One of these new combinations, N. ernobii, which was suggested to be conspecific with N. holstii due to similar sequences of the D1/D2 region [5] showed notable differences in the EF-1a, RPB1 and RPB2 sequences [4] . However, Candida ernobii was listed as a synonym of N. holstii in the latest version of The Yeasts, a Taxonomic Study [6] . Since then, one additional anamorphic species, N. siamensis, which was isolated from the external surface of a sugarcane leaf in Thailand, was proposed by Kaewwichian and Limtong [7] .
A tropical peat swamp forest is a unique ecosystem that is always flooded. Recent research showed the significance of this ecosystem as a global carbon store for soil organic matter, but its value for maintaining biodiversity remains poorly understood [8] . Only a few yeasts isolated from peat lands have been reported, of which most were obtained from peat lands of Canada and Russia [9] [10] [11] [12] . Recently, an investigation on yeast diversity in peat of a swamp forest in the southern part of Thailand was carried out by using an enrichment isolation technique [13] . In this investigation five species in the phylum Ascomycota, namely Cyberlindnera subsufficiens, Debaryomyces fabryi, Meyerozyma guilliermondii, Saturnispora diversa and Schwanniomyces polymorphus var. africanus, and five species in the phylum Basidiomycota, namely Piskurozyma taiwanensis, Cutaneotrichosporon mucoides, Papiliotrema flavescens, Papiliotrema laurentii and Rhodotorula mucilaginosa were reported.
In the current study, the yeast diversity in peat from a swamp forest in the Princess Sirindhorn Wildlife Sanctuary (Pru To Daeng Wildlife Sanctuary), that includes areas of four districts in the Narathiwat province in the southern part of Thailand viz. Mueang, Tak Bai, Su-ngai Kolok and Su-ngai Padi, was investigated. During this investigation, a novel species of the genus Nakazawaea was found. Yeasts were isolated from 12 peat samples by using a dilution plate method. Peat (2 g) was added to 50 ml 0.85 % saline solution in a 250 ml Erlenmeyer flask and mixed well by shaking on a rotary shaker at 150 r.p.m. at room temperature (30±2 C) for 1 h. The solution (0.1 ml) was then spread on yeast malt extract (YM) agar (0.3 % yeast extract, 0.3 % malt extract, 0.5 % peptone, 1 % glucose and 2 % agar) supplemented with 0.025 % sodium propionate and 0.02 % chloramphenicol and incubated at 25 C until yeast colonies appeared. Yeast colonies of different morphologies were picked and purified by cross streaking on YM agar. Purified yeast cultures were preserved in YM broth supplemented with 10 % (v/v) glycerol at À80 C. Fifty yeast stains were obtained. Among these strains, strain DMKU-PS11(1) T , which was isolated from a peat sample collected from the rhizosphere of Calophyllum teysmannii var. inophylloide at the sampling site (6 7¢ 52.3 † N 101 58¢ 8.4 † E) in the Su-ngai Padi district on 14 August 2015, was found to represent a novel species of the genus Nakazawaea.
Genomic DNA extraction of strain DMKU-PS11 (1) T was performed using the method described by Limtong et al. [14] . The SSU rRNA gene, the ITS region and the D1/D2 region of the LSU rRNA gene were amplified using the primers SSU1f, SSU4r, SSU3f and SSU2r [15] , ITS1 and ITS4 [16] , and NL1 and NL4 [5] , respectively. The PCR products were purified by using the HiYield Gel/PCR DNA Fragments Extraction kit (RBC Bioscience) according to the manufacturer's instructions. The purified products were sequenced by Macrogen (Seoul, Korea) using the PCR amplification primers. The sequences were edited, assembled, concatenated and aligned with the MEGA software version 7 [17] . In the present study, the SSU rRNA gene sequence of N. siamensis [7] was also determined (GenBank/EMBL/DDBJ accession number LC171726) and used in the phylogenetic analyses together with sequences obtained from GenBank ( Fig. 1) for the additional species. The phylogenetic tree was constructed using the neighbour- T with respect to strains of closely related species. The phylogenetic tree was constructed from evolutionary distance data with maximum composite likelihood correction, using the neighbour-joining method with MEGA version 7.0. Numbers at nodes indicate percentages of bootstrap sampling, derived from 1000 datasets. Trigonopsis variabilis NRRL Y-1579 T was used as the outgroup. The teleomorphic species, N. holstii, is marked with an asterisk. Bar, 0.005 K nuc distance.
joining method [18] , and the evolutionary distances were computed using the maximum composite likelihood method [19] . Confidence levels of the clades were estimated from bootstrap analysis with 1000 replicates [20] .
Strain DMKU-PS11 (1) T was characterized morphologically, biochemically and physiologically by standard methods [21] . Formation of pseudohyphae and true hyphae was investigated by cultivation on corn meal agar (2 % corn meal infusion and 2 % agar) in slide culture at 25 C for up to 14 days. Ascospore formation was investigated on 5 % malt extract agar (5 % malt extract and 2 % agar), Gorodkowa agar (0.1 % glucose, 0.5 % sodium chloride, 1 % peptone and 2 % agar), Fowell's acetate agar (0.5 % sodium acetate trihydrate and 2 % agar) and corn meal agar at 25 C and 15
C for up to 6 weeks. Assimilation of carbon and nitrogen compounds was tested in liquid medium, and starved inoculums were used in the nitrogen assimilation tests [21] . Growth at various temperatures was determined by cultivating the strain in YM broth. Ubiquinones were extracted from cells that were cultivated in a 500 ml Erlenmeyer flask containing 250 ml yeast extract peptone glucose (YPG) broth (1 % yeast extract, 2 % peptone and 2 % glucose) on a rotary shaker at 28 C for 72 h and purified according to the methods described by Yamada and Kondo [22] and Kuraishi et al. [23] . Isoprenologues were identified by HPLC as described previously [14] .
NOVEL SPECIES DELINEATION AND IDENTIFICATION
Analysis of the sequences of the D1/D2 region of the LSU rRNA revealed that strain DMKU-PS11 (1) T was most closely related to Nakazawaea (Candida) laoshanensis NRRL Y-63634 T (KM065901) but differed by 2.3 % nucleotide substitutions (13 nucleotide substitutions and 1 gap out of 562 nt). Strain DMKU-PS11 (1) T differed from NRRL Y-63634 T by 8.0 % nucleotide substitutions (41 nucleotide substitutions out of 572 nt) in the ITS region (FJ613523) and 1.0 % nucleotide substitutions (17 nucleotide substitutions and 1 gap out of 1720 nt) in the SSU region (KM065912). The phylogenetic tree reconstructed from the combined sequences of the SSU rRNA and the D1/D2 region of the LSU rRNA genes (Fig. 1 ) was in agreement with the tree reconstructed from the sequences of the SSU rRNA gene alone (data not shown). The trees confirmed the separation of strain DMKU-PS11 (1) T from the other species of the genus Nakazawaea and its close relatedness to N. laoshanensis, which is one of the basal members of the genus Nakazawaea (Fig. 1) . On the basis of a genetic species concept, we concluded that strain DMKU-PS11 (1) T represents a novel species. As the proposed 'one fungus one name' nomenclature rule for fungi was included in the International Code of Nomenclature for algae, fungi, and plants, [24] the novel species is assigned to the genus Nakazawaea although the formation of ascospores was not observed. The designation forma asexualis (f.a.) was included following the recommendation of Lachance [25] . The name Nakazawaea todaengensis f.a., sp. nov. (MB 819513) is proposed.
DESCRIPTION OF NAKAZAWAEA TODAENGENSIS POLBUREE, M. GROENEW. AND S. LIMTONG F.A., SP. NOV. (MB 819513)
Nakazawaea todaengensis (to.daeng.en¢sis. N.L. fem. adj. todaengensis referring to Pru To Daeng Wildlife Sanctuary where the type strain was isolated).
Growth in YM broth: After 5 days at 25 C, cells are globose to subglobose (2-3Â3-4 µm), and occur singly or in pairs (Fig. 2) . Budding is multilateral. Pseudohyphae and true hyphae are not formed in slide culture on corn meal agar after 14 days at 25 C. Ascospores are not produced on 5 % malt extract agar, Fowell's acetate agar, Gorodkowa agar or corn meal agar at 15 and 25 C in up to 6 weeks. The streak culture on YM agar is white with smooth margins. Glucose is fermented but D-galactose, lactose, maltose, melibiose, raffinose, sucrose, trehalose and xylose are not fermented. [28] , for species 3, 5, 7-9 and 11-12 are from Lachance et al. [29] , for species 4 are from Kurtzman [6] , for species 6 are from Cadez et al. [30] and for species 10 are from Kaewwichian and Limtong [7] . +, Positive; À, negative; d; delayed positive; S, slow; W, weakly positive; V, variable; ND, no data available. N. todaengensis can be distinguished from its closest phylogenetic relative, N. laoshanensis, not only on the basis of the gene sequences of the SSU rRNA, the D1/D2 region of the LSU rRNA and the ITS region but also by some phenotypic characteristics (Table 1) . N. todaengensis ferments only Dglucose where N. laoshanensis ferments both D-glucose and D-galactose. The novel species assimilates inulin (slowly), Lsorbose, potassium nitrate and sodium nitrite while N. laoshanensis does not. The phenotypic differences between the novel species and the other species of the genus Nakazawaea are shown in Table 1 .
Characteristic
Species of the genus Nakazawaea have been isolated from a wide variety of substrates. However, some members of this genus seem to be primarily associated with plants. Many strains of N. holstii, the type species of this genus, were isolated from bark beetles infesting pine, spruce and fir trees whereas the type strain of N. ishiwadae was obtained from a deep core of stratigraphic drillings in Japan [6] . N. populi was at first described as Candida populi from 24 strains recovered from sap fluxes of trembling aspen (Populus tremuloides), black cottonwood (Populus trichocarpa) and birch (Betula sp.) in the Pacific Northwest region of North America [26] . N. (Candida) wickerhamii was described previously as Torulopsis wickerhamii based on strains obtained from olive husks used for silage making [27] . The type strain of N. siamensis was isolated from the external surface of a sugarcane leaf collected in Thailand [7] . The closest relative of N. todaengensis, N. laoshanensis, was isolated from decayed wood in China [28] . In this study, N. todaengensis was isolated from peat in the rhizosphere of a plant in a peat swamp forest in Thailand. The occurrence of strains of species of the genus Nakazawaea in peat swamp forests has never been reported before to our knowledge.
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